A CHALASIA IS A RARE CHRONIC disorder of esophageal motor function, affecting approximately 1 person per 100 000 population per year 1 and causing substantial impairment in health-related quality of life.
A CHALASIA IS A RARE CHRONIC disorder of esophageal motor function, affecting approximately 1 person per 100 000 population per year 1 and causing substantial impairment in health-related quality of life. 2 Persons affected by achalasia typically report dysphagia, regurgitation, and chest pain. The principal functional abnormalities in achalasia are absence of esophageal body peristalsis and failure of the lower esophageal sphincter to relax normally on swallowing. 3 Although the etiology is not known, the physiologic abnormality is thought to be degeneration of the esophageal myenteric plexus, predominantly affecting inhibitory ganglionic neurons. 4 Achalasia is not curable, and the goal of therapy is palliation of symptoms by reducing the degree of esophageal obstruction at the level of the lower esophageal sphincter. Current therapeutic options include pharmacologic agents, endoscopic injection of botulinum toxin A into the lower esophageal sphincter, pneumatic dilatation of the lower esophageal sphincter, and surgical division of the smooth muscle of the lower esophageal sphincter (Heller myotomy). 5 There is controversy about the optimal choice of initial management of achalasia. Long-term symptomatic improvement may be achieved with either pneumatic dilatation or surgical myotomy. 5, 6 Although pneumatic dilatation had been considered the first-line therapy for achalasia for many years, 7 recent widespread use of laparoscopic surgery for achalasia has renewed interest in a greater role for surgical myotomy. 8 In the only randomized trial comparing the outcomes of pneumatic dilatation and surgical myotomy, 95% of patients treated with surgical myotomy had a good long-term result compared with 65% of patients treated with pneumatic dilatation. 9 Most reports of the outcomes of achalasia treatment are produced by single centers and describe the effectiveness of only 1 treatment method.
There are no published studies on the effectiveness of achalasia treatment in typical community practice. In the absence of population-based studies of the effectiveness of achalasia therapy, it is difficult to make treatment recommendations to patients. The aim of the present study was to describe the outcomes of pneumatic dilatation and surgical myotomy in typical practice using administrative health data in Ontario.
METHODS

Study Design
We conducted a retrospective cohort study using population-based administrative health data in Ontario. Patients were followed up for occurrence of outcomes of interest from the time of the initial procedure until December 31, 2002 . The primary objective of the study was to compare pneumatic dilatation and surgical myotomy with respect to a variety of treatment outcomes, including shortterm mortality, need for further interventions related to achalasia, and use of medications for gastroesophageal reflux disease.
Data Sources and Study Patients
We followed up persons with achalasia longitudinally by linkage of records from several Ontario health databases, including the Canadian Institute for Health Information (CIHI) hospital separation database, the Ontario Health Insurance Plan (OHIP) physician claims database, the Registered Persons database (a vital statistics registry), and the Ontario Drug Benefit database, which covers pharmaceutical claims for persons aged 65 years or older. Because of changes in the unique personal identifier used to link records across Ontario health databases, we were unable to link individual records prior to April 1, 1991, and could not identify health services provided prior to this date.
We searched electronic hospital discharge records between July 1, 1991, and December 31, 2002, for all persons aged 18 years or older with a diagnosis of achalasia who were treated with pneumatic dilatation or surgical myotomy on an ambulatory or inpatient basis. We defined a person's first treatment during this period as the index event for all analyses, regardless of whether treatment for achalasia had been received previously. Surgical myotomy was identified by OHIP fee code S161. Since the OHIP codes did not identify with certainty whether the surgical myotomy was performed laparoscopically during the study period, we could not distinguish between open and laparoscopic surgical procedures. The addition of an antireflux procedure to a surgical myotomy was identified by OHIP fee code E758 or in the CIHI database by Canadian Classification of Procedures code 54. 6 (1991-2001) and Canadian Classification of Interventions code 1.NA.72 (2002) . Agreement between hospital discharge data and physician claims in Canada ranges from 77% to more than 98%. 10 We excluded records of persons with achalasia who were younger than 18 years at the index procedure, lacked a valid unique personal identifier, resided outside of Ontario or in regions where physicians did not submit claims on a fee-for-service basis, did not have either a pneumatic dilatation or surgical myotomy during the study period, or who had any diagnosis of cancer.
Exposures
We collected information on age, sex, comorbidity, and income status. Comorbidity was measured using the Deyo adaptation of the Charlson comorbidity index. 11 Median annual income in neighborhood of residence was determined using 2001 census data, linked to postal forward sortation areas and categorized into community-specific quintiles within census regions.
Outcomes
The primary study outcome was defined a priori as the first occurrence of any (1) pneumatic dilatation, (2) surgical myotomy, or (3) esophageal resection following index treatment. Occurrence of esophagectomy was defined by OHIP fee codes S089 or S090. We also performed separate analyses for the occurrence of the first esophageal dilatation, myotomy, and esophagectomy. We analyzed a number of secondary outcomes, including death within 30 days of initial treatment, long-term survival, and the number of physician visits following initial treatment, defined as the number of days on which a physician was seen, collected as a measure of health resource use. We also analyzed length of hospital stay following index therapy as a measure of procedure-related morbidity.
We measured use of upper gastrointestinal tract medications after treatment for persons aged 65 years or older at the time of initial treatment during the study period, for whom all prescription medications are provided by the Ontario Drug Benefit program. We measured the time from initial treatment to first prescription of histamine-2 receptor blockers (cimetidine, famotidine, nizatidine, and ranitidine), proton pump inhibitors (esomeprazole, lansoprazole, omeprazole, pantoprazole, and rabeprazole), and prokinetic agents (cisapride, domperidone, and metoclopramide).
Statistical Analysis
Baseline differences between groups were tested using the 2 test for categorical variables and analysis of variance for continuous variables. Differences between treatment groups with respect to dichotomous outcomes were compared using the 2 test. Nonparametric tests were used to compare the length of hospital stay following index treatment. Change in the relative use of the 2 procedures over time was tested using the Mantel-Haenszel extension test for trend.
The cumulative risk of experiencing adverse outcomes was estimated using Kaplan-Meier survival curves, and differences between groups were compared using the log-rank test. Cox proportional hazards models were used to estimate the time between the date of the index treatment and the date of the first adverse event, death, or December 31, 2002 . Observation time was censored after the first adverse event. Multivariable models were used to adjust for potentially confounding variables.
The assumption of proportional hazards was checked by inspection of Kaplan-Meier curves and by log-log plots. Adjusted risks of adverse outcomes were obtained by fitting logistic regression models for pneumatic dilatation and surgical myotomy, adjusting for age, sex, and comorbidity, with each covariate centered at its mean value. Relative differences in physician visits were estimated using Poisson regression models, and the adjusted number of physician visits for each treatment group was estimated using multivariable linear regression models.
All statistical analyses were performed using SAS software, version 9.1 (SAS Institute Inc, Cary, NC). All P values were 2-tailed and considered to be statistically significant when less than .05. This study was approved by the research ethics boards of Sunnybrook and Women's College Hospital and the University of Toronto, Toronto, Ontario.
RESULTS
We identified 4401 persons with achalasia without a diagnosis of cancer between July 1, 1991, and December 31, 2002. Two hundred twenty persons (5.0%) were excluded from subsequent analyses because of residence outside of Ontario or in regions where feefor-service claims were not routinely submitted and 114 (2.6%) were excluded because of age younger than 18 years at the index event. A total of 2606 persons (59.2%) did not have either a pneumatic dilatation or surgical myotomy procedure during the study period, most of whom had likely been treated prior to July 1991. The final cohort therefore consisted of 1461 persons with achalasia, 1181 (80.8%) whose first procedure during the study period was a pneumatic dilatation and 280 (19.2%) whose first procedure was a surgical myotomy.
Baseline characteristics of patients according to their initial treatment are presented in TABLE 1. Persons in the pneumatic dilatation group were slightly older than those who received surgery as initial treatment (52.5 vs 48.8 years; P =.002). The distributions of sex, comorbidity, and income status in neighborhood of residence were similar between treatment groups.
The mean number of years of follow-up was 5.0 (median, 4.7 [range, 0.03-11.7] years). Among 1181 persons treated initially with pneumatic dilatation, 562 (47.6%) subsequently received 1 or more additional pneumatic dilatations, 148 (12.5%) had a surgical myotomy, and 13 (1.1%) had an esophagectomy. Of the 562 who had subsequent pneumatic dilatations during the study period, 407 (72.4%) had 1 or 2 subsequent pneumatic dilatations and 155 (27.6%) had 3 or more. Among 280 treated initially with surgical myotomy, 59 (21.1%) subsequently received 1 or more pneumatic dilatations, 24 (8.6%) had an additional surgical myotomy, and 6 (2.1%) had an esophagectomy. TABLE 2 summarizes the cumulative risk of subsequent interventions for achalasia after up to 10 years of follow-up, according to initial treatment during the study period. Persons who received pneumatic dilatation as the initial treatment during the study period were more likely than those treated with surgical myotomy to require an additional pneumatic dilatation, surgical myotomy, or esophagectomy during follow-up (PϽ.001) (FIGURE). Among persons treated initially with surgical myotomy, 16.4% had another intervention after 1 year compared with 36.8% of persons treated initially with pneumatic dilatation. Five years after initial therapy, the risk of subsequent intervention was 30.3% and 56.2%, respectively, for persons treated with surgical myotomy and pneumatic dilatation. The 10-year cumulative risk of subsequent intervention for persons treated initially with surgical myotomy and pneumatic dilatation was 37.5% and 63.5%, respectively. The adjusted probability of receiving subsequent interventions was 52.9% (95% CI, 50.1%-55.8%) for persons treated initially with pneumatic dilatation compared with 26.5% (95% CI, 21.6%-32.0%) for persons treated initially with surgical myotomy. In analyses estimating the relative risk of each type of reintervention separately according to initial treatment provided, initial pneumatic dilatation was associated with a nearly 3-fold risk of subsequent pneumatic dilatation compared with initial surgical myotomy. There were no statistically significant associations between initial treatment and subsequent need for surgical myotomy or esophagectomy (Table 3) .
No deaths occurred within 30 days of a surgical myotomy, and 7 deaths (0. There was no difference in the adjusted mean rate of subsequent physician visits between persons treated initially with pneumatic dilatation (mean number of physician visits, 18.9; 95% CI, 18.7-19.0) compared with surgical myotomy (mean visits, 18.6; 95% CI, 18.4-18.9; rate ratio, 1.01; 95% CI, 1.00-1.03). Abbreviation: CI, confidence interval. *The probability of subsequent interventions for achalasia was estimated using logistic regression models with adjustment for age, sex, and comorbidity using mean values for the covariates. Probabilities do not account for censored observations; therefore, values for the overall probability of subsequent treatment are lower than the cumulative probability of subsequent treatment. †Hazard ratios represent the risk of subsequent interventions for persons treated initially with pneumatic dilatation compared with surgical myotomy and were estimated using Cox proportional hazards models with adjustment for age, sex, comorbidity, and income in neighborhood of residence.
Four hundred eighteen persons (28.6%) were aged 65 years or older at the time of the initial intervention and were included in analyses of antireflux and prokinetic medication use after initial treatment. Most filled at least 1 prescription for antireflux or prokinetic medications during follow-up. There was no statistical difference between treatment groups with respect to the time to first use of histamine-2 receptor blockers, proton pump inhibitors, or prokinetic medications (TABLE 4) . We studied use of antireflux medications in the group of patients who had surgical myotomy to determine whether use of an antireflux procedure at the time of surgical myotomy affected the risk of subsequent use of medications related to gastroesophageal reflux. Fourteen (46.7%) of 30 patients who had a fundoplication at the time of the initial surgical myotomy subsequently used antireflux medications in the follow-up period compared with 13 (41.9%) of 31 who did not have a fundoplication (P=.71).
A pneumatic dilatation occurring after an earlier treatment episode may be done in the context of a "graded" approach, using a progressively larger balloon size to improve symptoms that persist following dilatation with a smaller balloon. These dilatations may be considered additional planned treatments rather than failure of initial therapy and usually occur within a short time after initial treatment. Among persons treated initially with pneumatic dilatation, 7.0% had a subsequent dilatation within 1 month and 16.5% had a subsequent dilatation within 3 months.
In the final 2 years of the study, surgical myotomy was used as initial treatment in more than 25% of cases, whereas in the years before 2001, it was used in 14% to 19% of cases. The test for linear trend was not statistically significant (P=.15).
COMMENT
There are a variety of treatment options for achalasia. However, response to medications is poor, 5, 12 and the effect of intrasphincteric botulinum toxin injection is transient 13 and substantially worse than both surgery 14 and pneumatic dilatation. [14] [15] [16] [17] Therefore, in patients with achalasia who are in good general health, the principal therapeutic decision is between pneumatic dilatation and surgical myotomy.
In this population-based study of persons with achalasia in Ontario, we found that many patients require subsequent interventions after either pneumatic dilatation or surgical myotomy. However, less than 40% of patients treated initially with surgical myotomy received subsequent interventions compared with more than 60% of patients treated initially with pneumatic dilatation. Although most of our findings are consistent with the body of literature regarding the effectiveness of pneumatic dilatation and surgical myotomy for achalasia, [17] [18] [19] [20] [21] [22] the risk of subsequent interventions following surgical myotomy was much higher than the current literature suggests. Our study had several unique advantages compared with other reports of the outcomes of achalasia therapy. We were able to conduct a longitudinal analysis of a large number of patients with a rare disease. Our large sample of population-based data allows a more precise estimate of the long-term likelihood of retreatment than do previously published studies and provides estimates of the outcomes of different treatments by clinicians in typical care settings.
In deciding whether to treat a patient with pneumatic dilatation vs surgical myotomy, there are a variety of considerations, including the risks of the 2 procedures, their relative effectiveness in improving the symptoms of achalasia, and the risk of treatment consequences such as gastroesophageal reflux. Pneumatic dilatation is performed under conscious sedation and does not require a general anesthetic, and a single treatment may suffice. However, there is a risk of esophageal perforation of 1% to 5%, requiring emergency surgery in more than 50% of cases in which perforation does occur. 23, 24 Although clinical improvement in symptoms occurs in 80% to 90% of patients, long-term follow-up studies suggest that symptoms requiring additional treatment recur in more than 60% of patients. 18 Surgical (Heller) myotomy 25 results in clinical improvement in 88% to 97% of patients. 13, [26] [27] [28] Laparoscopic surgery for achalasia 29 can now be successfully accomplished in virtually all patients, with a short hospital stay and a convalescence period of 1 to 2 weeks, 30, 31 and does not appear to be less effective than conventional surgery when performed by experienced surgeons. 32, 33 In our study, we considered a subsequent pneumatic dilatation to represent an adverse outcome regardless of whether the initial treatment was pneumatic dilatation or surgery. Others have examined the outcomes of "graded" pneumatic dilatation, wherein only crossover to surgery, persistence of severe symptoms, 34 or more than 3 dilatations during follow-up are considered failure of pneumatic dilatation. In our study, we sought to provide a description of the expected outcomes of *Hazard ratios represent the risk of first use of a medication class among persons treated initially with pneumatic dilatation compared with surgical myotomy and were estimated using Cox proportional hazards models. †Adjusted for age, sex, comorbidity, and income in neighborhood of residence. ‡Histamine-2 receptor blockers include cimetidine, famotidine, nizatidine, and ranitidine. §Proton pump inhibitors include esomeprazole, lansoprazole, omeprazole, pantoprazole, and rabeprazole. Prokinetic agents include cisapride, domperidone, and metoclopramide. a typical instance of treatment by either pneumatic dilatation or surgical myotomy and were unable to determine the specific indication for treatment. Less than 14% of those treated initially by pneumatic dilatation had more than 3 dilatations during the study period, suggesting that dilatation "fails" in very few patients when a graduated approach of up to 3 dilatations is not considered to represent failure. However, only a small proportion of subsequent dilatations occurred within 3 months of the initial dilatation, suggesting that late recurrence of symptoms rather than planned early reintervention is responsible for most pneumatic dilatations occurring during follow-up.
We were interested in measuring the risk of chronic gastroesophageal reflux after treatment of achalasia by surgical myotomy or pneumatic dilatation. Gastroesophageal reflux may occur after both pneumatic dilatation 35 and surgical myotomy 31, 36 and has historically been a major long-term problem after treatment of achalasia, necessitating esophagectomy in patients who developed severe gastroesophageal reflux in the era before widespread use of proton pump inhibitors and histamine-2 receptor blockers. 37 We did not identify any differences in the use of antireflux or prokinetic medications between patients treated by pneumatic dilatation or surgical myotomy. Use of medications is not likely a reliable measure of gastroesophageal reflux since many patients take medications in the absence of documented acid reflux and others with reflux are asymptomatic and do not take antireflux medications.
We did not find a difference in the pattern of antireflux medication use between patients who had an antireflux procedure as part of a surgical myotomy and patients who did not. However, there were few persons who were aged 65 years or older at the time of surgery, in whom we could study postoperative medication use. A recent clinical trial demonstrating a 90% reduction in the risk of gastroesophageal reflux after a surgical myotomy with the addition of an antireflux procedure 38 has reduced the degree of controversy about its routine use in achalasia surgery. 39 We did not find a difference in subsequent health resource use, as measured by the number of physician visits, between pneumatic dilatation and surgical myotomy. We were unable to measure specific complications of the procedures. International Classification of Diseases codes for complications (Ecodes) are insensitive for the detection of procedure-related complications, and we were unable to develop a valid algorithm for ascertainment of esophageal perforation using diagnosis and procedure codes. As expected, we found that the median length of stay was much shorter for pneumatic dilatation than for surgical myotomy.
While the broader use of laparoscopic surgery has increased the rate of some surgical procedures, we did not identify a large increase in the rate of surgical myotomy over the study period, except for a modest increase in the use of surgical myotomy during the final 2 years of the study. Therefore, secular changes in the use of surgical myotomy during the study period are unlikely to have affected our results.
Our study has several limitations. First, it is possible that the observed differences in outcomes of pneumatic dilatation and surgical myotomy in our observational study were due in part to selection bias. Although those treated with pneumatic dilatation were older, on average, than those treated with surgery, age was not an independent determinant of use of subsequent procedures. We used regression models to adjust for measured confounders. The majority of patients in our study were treated initially with pneumatic dilatation, reflecting a bias toward use of dilatation in Ontario during the period we studied. It is not clear in which direction this selection bias would influence the results, since it is not known which treatment would be offered preferentially to patients with a worse expected outcome.
Our use of administrative health data did not allow us to measure symptoms, function, or quality of life, arguably the most important outcomes for achalasia treatment. It is possible that patients who did not receive subsequent treatment still had severe disability. Clinical information in administrative health databases varies in quality. However, a diagnosis code for achalasia is probably highly specific, especially when linked to a procedure such as pneumatic dilatation or myotomy. We do not believe that many cases of achalasia were missed, since we would expect to see a similar number of new cases of achalasia as was found in our study, given the incidence of the disease and the population of Ontario (12 million). To improve the accuracy of outcome ascertainment, we relied primarily on the occurrence of procedures, which are coded more accurately than diagnoses in the administrative data sets we used. 10 Because we were unable to link records reliably prior to 1991, we were not able to develop an incident cohort of patients with achalasia who had not been previously treated. However, developing an incident cohort for this disease using administrative health data is problematic. The "look-back" window for prior treatments should be very long, since persons may receive subsequent interventions many years after a previous intervention. Ensuring that no treatments were provided in the previous 1 or 2 years would not identify with certainty patients who had not previously undergone surgery or pneumatic dilatation for achalasia. To the extent that treatment outcomes are better for subsequent pneumatic dilatations than for first pneumatic dilatations, 34 our results probably overestimate the effectiveness of a first episode of pneumatic dilatation in terms of the need for subsequent treatment. By studying persons who had an intervention during a specified time interval, our study design was biased in favor of including patients with greater intensity of treatment, which might result in an overestimate of the risk of subsequent treatment.
Finally, we were not able to distinguish reliably between open and lap-aroscopic procedures for surgical myotomy. However, open and laparoscopic surgeries for achalasia are equivalent with respect to treatment outcomes when performed by surgeons who are skilled in these procedures. 32 In conclusion, subsequent interventions for the treatment of achalasia are common among persons treated with either pneumatic dilatation or surgical myotomy, although the risk of subsequent interventions is substantially lower among those treated with surgical myotomy. Persons with achalasia should be aware of the long-term effectiveness of pneumatic dilatation and surgical myotomy in average practice settings. Considerations affecting the treatment choice should include patients' attitudes toward surgical procedures and the desire to avoid subsequent interventions. A randomized clinical trial comparing pneumatic dilatation and surgical myotomy with respect to achalasia symptoms, esophageal function, and health-related quality of life is necessary to determine whether one procedure is superior to the other.
Author Contributions: Dr Urbach had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Role of the Sponsor: The funding organizations had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; or preparation, review, and approval of the manuscript.
